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Abstract
Objectives To establish a method for high yield mesenchymal stem cells collection, as well as a culture method for iden-
tifying mesenchymal stem cells from the swine adipose-derived mesenchymal stem cell (ADMSC). Methods Swine AD-
MSCs were isolated from fat tissue with collagenase, followed by induction of differentiation to osteogenic, adipogenic and
chondrogrnic cells. The survival curve of the ADMSC at the 37ºC and 38ºC were measured using WST-1Cell Proliferation As-
say Reagent. Result ADMSCs isolated with collagenase from swine neck fat tissue generated a stable uniform appearance af-
ter the second generation. The passage period was five days. ADMSC could differentiate into osteogenic, adipogenic or chon-
drogrnic cells under different culture conditions. The highest growth rate was achieved at 38ºC in this study.
Conclusion Swine ADMSCs have the potential to differentiate into osteogenic, adipogenic or chondrogrnic cells, and they
may be appropriate for transplantation for both research and clinical purpose.
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Hearing impairment induces disorder of speech and
communication which affect the quality of life. Most of
profound hearing loss is sensorineural deafness that aris-
es from irreversible impairment of the inner ear by ad-
verse factors during infancy, childhood or postnatal peri-
od [1]. As one of the potentially important therapy strate-
gies, stem cells transplantation has a potential to replace
impaired hair cells and spiral ganglion cells in the inner
ear. Stem cells are multipotent cells that have the poten-
tial to differentiate into multiple lineages and proliferate.
Under specific conditions, stem cells can differentiation
into mature cells with specific phenotypic characteris-
tics, morphologies and functions. Based on the source of
the stem cells, they are divided into embryonic stem
cells (ESC) and adult stem cells (ASC). ESC have pluri-
potency and self-renewal potential, but isolation of ESC
is associated with ethical issues. Although ESC can re-
main vital for a long duration in vitro, the increased am-
plification speed will lead these cells to exhibit tumori-
genic characteristics. Recent studies suggest that ASC
have the ability to regenerate and replace differentiated
cells within their own specific tissues. However, several
disadvantages have been reported, including isolation
difficulties, limited differentiation potential, organized
specificity, and shortened life span associated with
growth and DNA damage.
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Recently, stem cells have been isolated from amniotic
fluid and shown to express ESC and ASC markers and
exhibit pluripotency and self-renewal capability. These
cells are named mesenchymal stem cells (MSC) [2-4].
MSCs have a high renewal capacity and retain long telo-
meres and a normal karyotype after over 250 population
doublings [5-7]. MSCs have higher proliferation rate and
are easier to isolate than ESCs, and they represent an in-
teresting new source of stem cells devoid of the afore-
mentioned ethical issues [8]. Previous studies reported
that mesenchymal stem cells（MSC）arise from the meso-
derm, and are able to differentiate into epithelial, fibro-
blast, muscle, osteogenic, adipogenic or chondrogrnic
cells under different inducing culture conditions [1]. After
transplantation, MSCs migrate to the damaged place and
replace the impaired tissue. Compared with embryonic
stem cells, MSCs are easier to obtain, isolate and cul-
ture. Additionally, MSCs are also suitable for transplanta-
tion due to lack of immunogenicity.
The adipose-derived mesenchymal stem cell (AD-
MSC) is one type of MSCs, and can differentiate into
many kinds of tissue cells. ADMSCs can be isolated
from mature fat tissue in vitro and suitable for auto-trans-
plantation in big mammals like swines, dogs, and even
humans [9-11]. However, at present to build a reliable meth-
od to reproduce and identify mesenchymal stem cells
from swine adipose tissue in vitro remains a challenge.
Here, we report the establishment of reliable method to
reproduce and identify mesenchymal stem cells from
swine adipose tissue in vitro.
Materials and Methods
Isolation and culture of adipose-derived mesenchy-
mal stem cells (MSC)
The MSCs were isolated from neck fat tissue in 3- 4
months old male or female swine. We collected about 3 g
fat tissue by sterility surgery. The tissue was washed with
1×phosphate-buffered saline (PBS) and cut into the piec-
es in the size of 1 mm3. Next, the fat tissue was mixed
with 0.1% I-type collagenase, and swung in 37℃ for 3
hours. The fat tissue fluid was centrifuged at low speed
(2200 g) for 10 minutes, and drifting fat as well as super-
natant discarded. The precipitation was re- suspended
with medium and filtered with cell cribbles of 200 and
400 mesh. The filtrate was collected and cells were cen-
trifuged at low speed (1800 g) for 10 minutes. The super-
natant was dropped. Cells were re-suspended with com-
plete medium [DMEM/F12 (Gibco), 10% fetal bovine se-
rum (Gibco), and 100 U/ml penicillin-streptomycin (Gib-
co)] and plated on plastic culture bottles and cultured at
38℃ in a humidified atmosphere of 5% CO2. The
non-adherent cell population was removed after 3 days,
and the adherent layer was washed once with fresh media.
Medium was partially replaced every 3 days. When the
cells were nearly 80% confluent, the adherent cells were
released from the bottles with 0.25% trypsin-EDTA (Gib-
co), split 1:2, and seeded onto fresh bottles.
Identification of the appropriate culture temperature
with WST-1
swine ADMSCs of the third or fourth generation were
dissociated, collected and seeded into a 96 pore plate,
about 10-4 cells per well. Then the cells were incubated
at 37℃ or 38℃ in a humidified atmosphere of 5% CO2.
From the third day, 10ul WST-1 tested solution was add-
ed into six cells wells and two medium control wells ev-
ery day. The cells were incubated for 2 hours, and tested
for absorbance of the sample at 450 nm wavelength. The
OD value of the sample was measured by comparing
with the blank medium in control wells, and the survival
curves of the ADMSC at 37℃ and 38℃ were obtained.
Swine ADMSC osteogenic differentiation
Osteogenic differerntation medium was prepared with
kit components (Cyagen). Added to the 175 ml of basic
medium were 20 ml FBS, 2 ml penicillin-streptomycin, 2
ml glutamine, 400 ul ascorbate, 2 ml β- glycerophos-
phate and 20 ul dexamethasone. The fully supplemented
medium swirled to ensure a homogeneous mixture. The
osteogenic differerntation medium was now ready to use.
At 80% to 90% confluence, ADMSCs from the third
or fourth generation were dissociated with tryp-
sin-EDTA, and replated in growth complete medium at
2 × 105 cells/well in 12-well tissue culture plates. The
cells were incubated at 38℃ in a 5% CO2 humidified in-
cubator. After 3 days, the medium from each well was as-
pirated off and 2 ml osteogenic differentiation medium
was added. The cells were continuously re-fed for 3
weeks at an interval of 3 days by completely replacing
the medium with fresh medium. After 3 weeks of differ-
entiation, medium was removed from wells and rinsed
with 1×PBS. Cells were fixed with 4% formaldehyde so-
lution at room temperature for 30 minutes. Wells were
then rinsed twice with 1×PBS and stained with 1 ml aliz-
arin red working solution for 5 minutes. The wells were
rinsed 3 times with 1×PBS, and cells examined under a
light microscope.
Swine ADMSC adipogenic differentiation
Adipogenic differentiation medium was prepared with
kit components (Cyagen). Added in medium A (175ml)
were 20 ml FBS, 2 ml penicillin-streptomycin, 2 ml glu-
tamine, 400 ul insulin, 200 ul IBMX, 200 ul rosigli-
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tazone and 200 ul dexamethasone. Added into 175 ml ba-
sic medium B were 20 ml FBS, 2 ml penicillin-strepto-
mycin, 2 ml glutamine and 400 ul insulin. the supple-
mented medium was fully swirled to ensure a homoge-
neous mixture. The adipogenic differentiation medium A
and B were then ready to use.
At 80% to 90% confluence, ADMSCs from the third
or fourth generation were dissociated with tryp-
sin-EDTA, and re-plated in growth complete medium at
2 × 105 cells/well in 12-well tissue culture plates. Cells
were incubated at 38℃ in a 5% CO2 humidified incuba-
tor for 3 days. The medium was aspirated off from each
well and 2 ml medium A added. After the third day, me-
dium A was replaced with medium B by completely re-
placing the spent induction medium. After 24 hours, me-
dium B was switched back to medium A. The cycle of in-
duction/maintenance was repeated for five times. After
the fifth cycle, the cells were cultured in medium B for
additional 3 days.
After differentiating, the medium was removed from
the wells, and the wells were rinsed with 1 × PBS. The
cells were fixed with 4% formaldehyde solution at room
temperature for 30 minutes. The wells were rinsed twice
with 1×PBS, and the cells were stained with 1 ml oil red
O working solution for 30 minutes. The wells were
rinsed 3 times with 1×PBS, and then the cells were ex-
amined under a light microscope.
Swine ADMSC chondrogenic differentiation
Chondrogenic differentiation medium was prepared
with kit components (Cyagen). For 97 ml incomplete
chondrogenic differentiation basic medium, the follow-
ing were added: 10 ul dexamethasone, 300 ul ascorbate,
1 ml ITS+supplement, 100 ul sodium pyruvate and 100
ul proline, which was stored at 4℃ in the darkness. After
adding 20 ul TGF-β3 into 2 ml incomplete medium, the
chondrogenic differentiation medium was ready to used
within 12 hours.
At 80 to 90% confluence, ADMSCs from the third or
fourth generation were dissociated using Trypsin-EDTA,
and centrifuged at 1500 rad/min for 5 minutes. The cells
were re-suspended in chondrogenic differentiation medi-
um to a concentration of 5×105 cells/ml. Aliquot of 0.5
ml (2.5×105 ) cell suspension was placed into 15 ml poly-
propylene culture tubes. Cells were centrifuged at 1500
rpm for 5 minutes at room temperature. Tube caps were
loosened to allow gas exchange, and the tubes were incu-
bated at 38℃ in a humidified atmosphere of 5% CO2.
Cell pellets were fed every 3 days by completely replac-
ing the medium in each tube and adding 0.5ml of freshly
prepared medium to each tube. Chondrogenic pellets
were harvested after 28 days in culture.
After differentiating, the medium from the tubes was
discarded, and the pellets were formalin fixed and paraf-
fin embedded for tissue sections. Slides were deparaf-
finized, hydrated in distilled water, and Stain in alcian
blue solution for 30 minutes. After washing in running
tap water for 2 minutes and rinsed in distilled water, the
slides were visually examined under a light microscope
and images were captured.
Results
Original culture of swine ADMSC
ADMSCs were incubated at 38℃ in a 5% CO2 humid-
ified incubator. After 24 hours, the cells could adhere
and were round shaped. After 72 hours later, cells ad-
hered tightly and showed triangle, short fusiform or ir-
regular shapes. After 4-5 days, original cells (P0) formed
the cell colony. After 9-10 days, cells showed confluence
at 80 and needed 1:2 passage. Cells of P1 were fusiform
in shape and passed 10 days later. Cells of P2-P4 showed
fibroblast appearance and whirlpool patterns. Every pas-
sage required 5 days in the culture condition (Figure 1).
Survival curves of the ADMSCs incubated at 37ºC
and 38ºC
The relative OD value showed the amount of living
cells in each group. The curve indicated more prolifera-
tion capability in cells obtained from the third day cul-
ture dish at 38 ºC, compared with cells at 37ºC (P<0.05,
Figure 2 ).
Swine ADMSC osteogenic differentiation
After 21 days of induction, tiny sediments were visi-
ble on the bottom of the plate. There were little irregular
Figure 1: A. original swine ADMSC colony (P0); B. fusiform
shaped ADMSCs of P1; C. fibroblasts like ADMSCs of P4; D.
ADMSCs of P4 in a whirlpool pattern.
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cells scattered in the visual field with a number of light
yellow particles. Alizarin red staining showed numerous
purple calcium sediments at the conjunction with each
other. Additionally, cultured cells displayed an irregular
shape and were stained in purple (positive staining). In
contrast, the control wells showed negative alizarin red
staining (Figure 3). The results indicated that ADMSCs
had the potential to be easily induced into osteogenic dif-
ferentiation.
Swine ADMSC adipogenic differentiation
After 3 cycles of induction, the cells were showed ir-
regular shapes, with some lipid droplets floating on the
medium. Upon complete differentiation and staining with
oil red, light microscopy showed red lipid droplets in the
endochylema, with the controls showing negative stain-
ing (Figure 4). The results showed successful ADMSC
culture and induction into adipogenic differentiation.
Swine ADMSC chondrogenic differentiation
After 14 days of induction, cells pallets turned to be
globular, whereas control pellets remained thin and flat.
After 28 days of induction, examination of paraffin em-
bedded and alcian blue stained tissue sections under a
light microscope showed blue staining in the endochy-
lema (Figure 5), suggesting induction of the cultured AD-
MSCs into osteogenic differentiation.
Discussion
Collagenase digestion and adhesion method are com-
monly used to separate mesenchymal stem cells from ad-
ipose tissue in miniature pigs, but the primary cells sepa-
rated by the latter“climb out”slowly with the possibili-
ty of tissue being carried out or polluted at fluid change.
The current study also used collagenase digestion to ob-
tain mesenchymal stem cells. It is inevitable that some
connective tissue may be mixed with surgically harvest-
ed adipose tissue, which requires collagenase to digest in-
tercellular substances. Digestive juice turned into cloudy
emulsion after collagenase digestion for 2-3 hrs in our
study, with residual unbroken connective tissue that
could be removed by cell strainer filtration. The majority
of adipose tissue cells in the primary culture are mesen-
chymal stem cells, although there may also be a few
erythrocytes, vascular endothelial cells, adipose cells and
smooth muscle cells. Erythrocytes and adipose cells do
not adhere and can be removed by fluid change [11]. Adher-
ing heterocyst can be removed by controlling collage-
nase digestion time during subculture. Most adipose mes-
enchymal stem cells will leave the bottle bottom when di-
gested by pancreatic enzymes for 30 sec or so, and the
heterocyst that is difficult to digest will be eliminated if
digestion is terminated after patting. After subculture for
twice to three times, P3 cells are uniform in morphology,
i.e. slender fusiform cells in whirlpool like patterns.
They are purified adipose mesenchymal stem cells (AD-
MSC). It is considered that rise of culture temperature
may increase culture efficiency, since normal tempera-
ture in swine (38℃-39.5℃) is higher than in human. It is
confirmed that ADMSCs in miniature pigs grow faster
Figure 2: Swine ADMSC survival curves showing that 38ºC is the
appropriate temperature for cell proliferation.
Figure 3: A. Alizarin red staining with the induced wells showing
positive colors and the control wells being transparent (red circle).
B. Purple calcium sediments under a light microscope.
Figure 4: A. Red lipid droplets in the endochylema of differentiat-
ed cells. B. The control wells showing negative staining.
Figure 5: A. A section of cell pallet stained in blue. B. Endochy-
lema showing blue staining.
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under 38℃ compared to 37℃ , and their potential for in-
duced differentiation is not affected.
Mesenchymal stem cells are pluripotent stem cells de-
rived from mesoderm, which may be harvested from
bone marrow, adipose, umbilicus, skeleton muscle and
some fetal ingredients, and they have the potential of dif-
ferentiation into multiple mesoderm tissues or even tis-
sues of other blastoderms [1]. The main characteristics of
mesenchymal stem cells cultured in vitro include the
ability of adhesive growth on plastic surface, the ability
of self-renewing and replication, the possession of cer-
tain phenotype features and the ability of differentiation
into osteoblasts, lipoblasts and chondroblasts under cer-
tain conditions. Such characteristics may be used for
their identification [12]. Alizarin red, oil red 0 or alcian
blue staining is typically used to identify osteoblasts, li-
poblasts and chondroblasts. It is confirmed that cells de-
rived from adipose tissue in this study demonstrated the
differentiation characteristics of mesenchymal stem
cells. Moreover, certain conditions must be met for the
cultured stem cells to be used as donor cells of transplan-
tation. First, they should be easy to harvest with abun-
dant supplies. Subcutaneous adipose tissue can be har-
vested by surgical sharp dissection, and animals with
abundant adipose tissue reservation should be used. The
surgery is safe, with little risk of postoperative infection
or stress reaction. The same animals can be easily used
in other studies. Harvesting ADMSCs by collagenase di-
gestion has been shown to be efficient and proven to be
appropriate for mesenchymal stem cells extraction in
miniature pigs. Stem cells are easy to culture, rapid in
proliferation with stable properties. From our study, AD-
MSCs are better than bone marrow mesenchymal stem
cells in culture velocity, uniformity and stability, which
are important for extensive proliferation. It is important
that cultured stem cells have little antigenicity, to avoid
eliciting strong rejection reaction, if they are used as al-
lograft. ADMSCs belong to mesenchymal stem cells
with lower antigenicity compared to other stem cells,
such as embryonic stem cells, hematopoietic stem cells
and IPS cells, and do not induce strong rejection reaction
as allograft [13].
ADMSCs are a convenient sources of autograft in
both miniature pigs and human. ADMSCs are easily har-
vested by the method described in this study, with high
culture efficiency and multi-directional differentiation
potentials, providing a reliable experimental basis and
cell source for developing treatments of sensorineural
hearing loss by stem cell transplantation.
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